BACKGROUND: Multimorbidity is highly prevalent among patients with COPD. The association between multimorbidity and COPD medication management is not well researched. The aim of this study was to examine the association between multimorbidity and COPD medication receipt among Medicaid beneficiaries with newly diagnosed COPD. METHODS: A retrospective longitudinal dynamic cohort design was used, and data were extracted from Medicaid Analytic eXtract files from 2005 to 2008. Medicaid beneficiaries with newly diagnosed COPD (N ‫؍‬ 19,060) were identified using the International Classification of Diseases, 9th Revision, Clinical Modification, for COPD. This code (for commonly co-occurring conditions with COPD) was used to create a multimorbidity variable. These conditions included anxiety, arthritis, bipolar disorder, cardiovascular diseases, depression, diabetes, hypertension, hyperlipidemia osteoporosis, and schizophrenia. Medicaid beneficiaries with newly diagnosed COPD were categorized as: (1) physical multimorbidity only, (2) psychiatric multimorbidity only, (3) both physical and psychiatric multimorbidity, and (4) no multimorbidity. Receipt of COPD medications (short-or long-acting bronchodilators, inhaled corticosteroids) was identified using National Drug Codes. Bivariate relationships between multimorbidity and COPD medication receipt were tested using the chi-square test of independence. The associations between multimorbidity and COPD medication receipt were analyzed with logistic and multinomial logistic regression analyses. RESULTS: Among Medicaid beneficiaries with newly diagnosed COPD, 81.9% had at least one co-occurring chronic condition. After controlling for subject characteristics, adults with multimorbidity were less likely to receive COPD medications compared with those without any inflammation-related multimorbidity. For example, those with physical multimorbidity were less likely to receive short-acting bronchodilators (adjusted odds ratio 
Introduction
Multimorbidity is defined as the coexistence of 2 or more chronic conditions. [1] [2] [3] The high prevalence of multimorbidity has profound implications for the patient, payers, caregivers, and society. 4 Multimorbidity serves as a prototype example of the Agency for Healthcare Research and Quality's definition of a complex patient, who has "two or more chronic conditions where each condition may influence the care of the other condition(s) through limitations of life expectancy, interactions between drug therapies, difficulties in establishing adequate care coordination, and/or direct contraindications to therapy for one condition by other conditions themselves." 5 Multimorbidity is a major challenge among elderly patients Ն65 y old. 6 However, multimorbidity is no longer being considered as just an older person's issue due to its high prevalence among younger adults Ͻ65 y old. 7, 8 Multimorbidity is highly prevalent in patients with COPD. Using data from the National Health and Nutrition Examination Survey (1999 -2008) , it has been reported that adults (Ն45 y old) with COPD had significantly higher rates of coexisting arthritis (54.6% vs 36.9%), diabetes (16.3% vs 12.8%), depression (20.6% vs 12.5%), osteoporosis (16.9% vs 8.5%), coronary heart disease (12.7% vs 6.1%), and congestive heart failure (12.1% vs 3.9%) compared with those without COPD. 9 COPD is often managed with pharmacologic agents. According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD), many medications are approved for effective management of COPD symptoms and exacerbations. These include bronchodilators such as anticholinergics and ␤ agonists, inhaled corticosteroids, theophylline, and other medications such as phosphodiesterase-4 inhibitors and antibiotics. 10, 11 Existing evidence suggests that the presence of multimorbidity among adults with COPD may complicate overall COPD management due to interactions with therapies for other commonly co-occurring chronic conditions. 12 For example, ␤ blockers, which are used to treat cardiovascular conditions, may interact with ␤ agonists, which are the main pharmacologic therapy for COPD management. 13 Similarly, corticosteroids used to treat patients with COPD have been linked to impairment in the glucose metabolism process and thus may affect diabetes outcomes in patients with COPD and diabetes. 14, 15 The presence of cardiovascular disease can affect the metabolism of COPD medications. For example, theophylline clearance is reduced in patients with COPD and cardiovascular disease and may lead to poor COPDspecific outcomes in those with cardiovascular disease and COPD. 16 Although multimorbidity is highly prevalent among younger adults with COPD, only a handful of studies have examined the impact of multimorbidity on health outcomes. Specifically, no study has examined the relationship between multimorbidity and COPD medication receipt in young adults (40 -64 y of age) with COPD. Therefore, for the purpose of this analysis, we used administrative claims data for Medicaid enrollees, as Medicaid is an important payer of a major portion of the young adult population in the United States. 17 Moreover, beneficiaries enrolled in the Medicaid program represent the lower socioeconomic stratum of the society. Prior evidence suggests that subjects with lower socioeconomic status have high rates of multimorbidity. 6, 18 In addition, multimorbidity has a worse impact on patients in the lower socioeconomic stratum of society compared with higher socioeconomic groups. 19 Therefore, the primary objectives of this study were to estimate the prevalence of commonly co-occurring chronic conditions (multimorbidity) in Medicaid beneficiaries with newly diagnosed COPD and also to examine the association between multimorbidity and receipt of common medications required to treat patients with COPD using multiyear and multistate Medicaid claims data. We hypothesized that due to competing demands associated with management of multimorbidity, the presence of multimorbidity would be associated with reduced COPD medication receipt.
Methods

Study Design
We used a retrospective longitudinal dynamic cohort design and extracted data from Medicaid 
QUICK LOOK
Current knowledge
Multimorbidity is defined as the coexistence of 2 or more chronic conditions. The high prevalence of multimorbidity has profound implications for the patient, payers, caregivers, and society. Multimorbidity is highly prevalent among patients with COPD. It has been reported that adults (Ͼ45 y of age) with COPD have significantly higher rates of coexisting arthritis, diabetes, depression, osteoporosis, coronary heart disease, and congestive heart failure compared with those without COPD.
What this paper contributes to our knowledge
The prevalence of multimorbidity was very high in Medicaid beneficiaries with newly diagnosed COPD. Medicaid beneficiaries with newly diagnosed COPD and multimorbidity were less likely to receive COPD medications, including bronchodilators and inhaled corticosteroids. Medication management in patients with newly diagnosed COPD is suboptimal and requires process changes to improve patient treatment.
service date with COPD diagnosis was recorded as the index date. The procedure used to identify the study population is described in detail below. The two distinct study observation periods were the baseline period (defined as 1 y before the index date) and the follow-up period (defined as 1 y after the index date). The baseline period was used to ascertain the presence of multimorbidity and other subject characteristics, whereas the follow-up period was used to measure the receipt of COPD medications.
Data Source
Medicaid Analytic eXtract files containing information on enrollment, inpatient visits, other therapy, and prescription drug utilization were used. The personal summary file provided information on eligibility, demographics (age, sex, and race), managed care enrollment, and utilization summary. The other 4 files contained information on feefor-service claims for services used. Other therapy files included information regarding claims for Medicaid services provided at an out-patient level, such as clinic, physician, laboratory, and home-health services. Hospitalization diagnosis codes, procedures, hospitalization stay, and expenditures related to hospitalizations were extracted from the in-patient files. National Drug Codes for prescription drugs, supply days, fill dates, and payments for prescription drugs were obtained from the prescription drug files.
We used data for beneficiaries residing in the following states: California, Illinois, New York, and Texas. These states were chosen to capture the diverse geographic and racial/ethnic populations represented by Medicaid. We received approval from the institutional review board of West Virginia University for analysis of Medicaid Analytic eXtract data to conduct this study.
Area Resource File
We also determined each Medicaid beneficiary's contextual county-level variables using the Area Resource File. The Area Resource File is a comprehensive county-level data set compiled by the Bureau of Health Professions of the Health Resources Service Administration. The Area Resource File contains Ͼ6,000 variables providing information about the nation's counties. The information contained within the Area Resource File includes the type of health facilities in the various counties, number and type of health professions, resource scarcity measures, health status, economic activity, health-training programs, and socioeconomic and environmental characteristics. These files also include county codes and descriptors that allow linkage with several secondary data sets, such as Medicaid Analytic eXtract. We used the county codes and state information to link Medicaid Analytic eXtract files with the 2005 Area Resource File.
Study Population: Medicaid Beneficiaries With Newly Diagnosed COPD
Medicaid beneficiaries with diagnosed COPD were identified using in-and out-patient visits (physician office visits and clinic services only). Medicaid beneficiaries with at least one in-patient visit or 2 out-patient visits 14 d apart (obtained using the type of service codes) for COPD based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), codes for chronic bronchitis (491.xx), emphysema (492.xx), or unspecified chronic airway obstruction (496.xx) were considered to have diagnosed COPD. These diagnosis codes have been used in prior published research (codes 491.xx, 492.xx and 496.xx) to identify COPD and to evaluate medical treatment and health outcomes in subjects with COPD. 20, 21 Indeed, the sensitivity and specificity of using ICD-9-CM codes to identify subjects with COPD has been established. 22 , 23 Gershon et al 23 reported that identifying COPD using one or more ambulatory claims and/or one or more hospitalizations for COPD resulted in a sensitivity of 85.0% (95% CI 77.0 -91.0) and a specificity of 78.4% (95% CI 73.6 -82.7). However, we used one in-patient claim or at least 2 out-patient claims to identify subjects with COPD to increase the specificity of the algorithm. We included only Medicaid beneficiaries with newly diagnosed COPD. To obtain subjects with newly diagnosed COPD, we created a washout period (1 y before the index date of COPD diagnosis). Only Medicaid beneficiaries who did not have a COPD diagnosis in the washout period were considered to have newly diagnosed COPD and were included in our study population.
Other inclusion criteria included: 40 -64 y of age (among non-elderly population, this age group is at the highest risk for COPD), continuous eligibility during the baseline and follow-up periods, no dual Medicaid/Medicare coverage (dual eligibility would represent high cost and severe beneficiaries), enrolled in fee-for-service plans throughout the study observation period, alive during the study observation period, and use of services (in-or out-patient).
Dependent Variables: COPD Medication Receipt
The common pharmacologic treatment for patients with COPD is the administration of maintenance bronchodilators and inhaled corticosteroids. 10,11 COPD medications were identified using the National Drug Codes obtained from various publicly available sources, such as the FDA, Multum Lexicon National Drug Codes from the Agency for Healthcare Research and Quality Medical Expenditure Panel Survey, National Committee for Quality Assurance database, and Department of Veterans Affairs. We identified the following binary dependent variables for COPD medication receipt: (1) receipt of short-acting bronchodi-lators, including ␤ agonists and inhaled anticholinergics (yes/no); (2) receipt of long-acting bronchodilators, including ␤ agonists and inhaled anticholinergics (yes/no); and (3) receipt of inhaled corticosteroids (yes/no). Furthermore, we also created an aggregate variable with 4 categories for receipt of type of bronchodilator: (1) receipt of short-acting bronchodilators only, (2) receipt of long-acting bronchodilators only, (3) receipt of both types of bronchodilator, and (4) no bronchodilator use.
Key Independent Variable: Multimorbidity
When examining multimorbidity in patients with COPD, it is important to note that COPD is characterized mainly as an inflammatory disease that is associated with progressive and persistent air-flow limitation. 24 It has been suggested that there may be a high prevalence of inflammation-related chronic conditions in patients with COPD due to elevated levels of inflammatory mediators. Although the exact mechanisms have not yet been established, researchers suggest that either inflammation in COPD may have a spillover effect, or the inflammation may be part of systemic inflammation. 25 A review on systemic manifestations of COPD suggested that systemic inflammation in COPD may lead to various inflammation-related chronic diseases, such as arthritis, cardiovascular diseases, depression, diabetes, and osteoporosis. 26, 27 Indeed, researchers have suggested that COPD should be considered as part of the chronic systemic inflammatory syndrome. 26 Therefore, to construct a multimorbidity variable in subjects with COPD, we selected chronic inflammatory conditions that commonly co-occur with COPD. 9 Our selection of conditions was also guided by Department of Health and Human Services priorities for research, policy, program, and practice. 28 We created binary indicator variables for the presence of commonly co-occurring chronic conditions with COPD using the ICD-9-CM codes obtained from the Agency for Healthcare Research and Quality Clinical Classifications Software. Chronic physical conditions that were used to create the multimorbidity variable included arthritis, cardiovascular disease, diabetes, hypertension, hyperlipidemia, and osteoporosis. Chronic psychiatric conditions included anxiety, bipolar disorder, depression, and schizophrenia. These conditions were selected because of their common co-occurrence with COPD possibly due to common inflammation-related pathways and shared risk factors, such as tobacco smoking. 9 Any Medicaid beneficiary with newly diagnosed COPD who had one in-patient visit or at least 2 out-patient visits for these conditions during the baseline period were considered as having the chronic condition. We further operationalized the multimorbidity variable into 4 groups: (1) physical multimorbidity only, (2) psychiatric multimorbidity only, (3) both physical and psychiatric multimorbidity, and (4) no multimorbidity.
Other Independent Variables
As the relationship between multimorbidity and medication receipt is generally confounded by many external factors, we controlled for a comprehensive set of covariates based on the Andersen health-care utilization model. 29 This conceptual framework has been extensively used in prior studies to understand the use of health services. 30 The Andersen health-care utilization model suggests that use of health services is associated with a patient's predisposing characteristics (eg, age, sex), enabling resources (eg, socioeconomic status, environmental factors), and need characteristics (eg, clinical conditions). On the basis of these characteristics, we collected information on the following variables, which may influence the relationship between multimorbidity and COPD medication receipt.
Predisposing or Subject Characteristics. These variables included demographic characteristics such as sex, race (white, African-American, other), and age (40 -49, 50 -59, 60 -64 y). Enabling characteristics included Medicaid eligibility due to income (yes/no) and medical needs (yes/no). Need characteristics included number of other clinical conditions (none, 1-3, 4 -6, Ͼ6), alcohol abuse (yes/no), substance abuse (yes/no), tobacco use (yes/no), and polypharmacy (Ͻ10 drug classes, Ն10 drug classes). Each state administering Medicaid coverage to eligible beneficiaries has different policies; for example, states have restrictions on medications that can be covered. To account for policy differences, we included a dummy variable for the states (California, Illinois, New York, and Texas) in our analyses.
External Environment or County-Level Characteristics. These variables included above high-school education density (quartiles), unemployment density (quartiles), poverty density (quartiles), metro status (metro/non-metro), primary care provider shortage (yes/no), mental health shortage (yes/no), primary care provider density (quartiles), specialist provider density (quartiles), hospital bed density (quartiles), rural health clinics (yes/no), psychiatric hospital (yes/no), pulmonologist density (high [ie, above 75th percentile], low [ie, below 75th percentile]), and cardiologist density (high [ie, above 75th percentile], low [ie, below 75th percentile]). In the results section, we primarily highlight the relationship between multimorbidity and medication receipt after controlling for other independent variables that may influence medication receipt.
Statistical Analyses
Bivariate Analyses. Chi-square tests of independence were used to determine subgroup differences in the presence of multimorbidity and receipt of COPD medications in subjects with newly diagnosed COPD. We also present the results from unadjusted analyses with odds ratios (ORs), 95% CIs, and levels of statistical significance.
Multivariate Analyses. Binary and multinomial logistic regression analyses were used to examine the relationship between multimorbidity and COPD medication receipt. Parameter estimates are represented as adjusted OR with 95% CI. All analyses were conducted using SAS 9.3 (SAS Institute, Cary, North Carolina).
Results
The final study population consisted of 19,060 Medicaid beneficiaries (40 -64 y old) with newly diagnosed COPD. The algorithm used to define the study cohort is shown in Figure 1 . The majority of the Medicaid beneficiaries with newly diagnosed COPD were women (59.5%), white (48.6%), 50 -59 y old (48.4%), and residents of California (54.5%).
Prevalence of Multimorbidity
Overall, among Medicaid beneficiaries with newly diagnosed COPD (n ϭ 19,060), 36.3% had physical multimorbidity, 13.5% had psychiatric multimorbidity, 32.1% had both, and 18.1% did not have any multimorbidity. With regard to chronic conditions, 37.8% of subjects had hypertension, 35.8% had musculoskeletal disorders, 26.3% had depression, 19.8% had diabetes, 18.5% had schizophrenia, 17.9% had cardiovascular conditions, 12.3% had hyperlipidemia, 12.7% had anxiety, and 11.4% had bipolar disorder. A detailed description of study population characteristics by the presence of multimorbidity is presented in Table 1 .
COPD Medication Receipt
Findings from the bivariate and multivariate analyses on COPD medication receipt with multimorbidity as the key independent variable are depicted in Table 2 . Approximately 64% of Medicaid beneficiaries with newly diagnosed COPD had at least one prescription for short-acting bronchodilators during the follow-up period. The percentages of Medicaid beneficiaries with long-acting bronchodilators and inhaled corticosteroids were 39.2% and 43.3%, respectively. Results from the unadjusted logistic regression analyses of COPD medication receipt revealed that Medicaid beneficiaries with mental illness were less likely to receive short-acting bronchodilators (OR 0.69, 95% CI 0.62-0.77), long-acting bronchodilators (OR 0.73, 95% CI 0.66 -0.82), and inhaled corticosteroids (OR 0.73, 95% CI 0.66 -0.81). Similarly, those with both physical and psychiatric chronic conditions were less likely to receive short-and long-acting bronchodilators and inhaled corticosteroids.
Findings from the multivariate logistic regression analyses (see Table 2 ) of COPD medication receipt in Medicaid beneficiaries with newly diagnosed COPD revealed that those with any multimorbidity (ie, physical conditions, serious mental illness, or both) were significantly less likely to receive COPD medications. For example, those with physical conditions only were less likely to receive short-acting bronchodilators (adjusted OR 0.76, 95% CI 0.79 -0.83), long-acting bronchodilators (adjusted OR 0.84, 95% CI 0.76 -0.92), and inhaled corticosteroids (adjusted OR 0.75, 95% CI 0.68 -0.82) compared with those with no multimorbidity. Similarly, subjects with both physical and psychiatric multimorbidity were 46% less likely to use short-acting bronchodilators (adjusted OR 0.54, 95% CI 0.49 -0.59), 38% less likely to use to long-acting bronchodilators (adjusted OR 0.62, 95% CI 0.56 -0.68), and 40% less likely to use inhaled corticosteroids (adjusted OR 0.60, 95% CI 0.54 -0.66) compared with those with no multimorbidity. In addition, certain subject characteristics, ecosystem-level variables, and policy-environment variables were significantly associated with COPD medication receipt.
To understand the overall bronchodilator use in Medicaid beneficiaries with newly diagnosed COPD, we created an aggregate bronchodilator-use variable with 4 categories (short-acting only, long-acting only, both, and none). The majority (47.2%) of beneficiaries who used at least one bronchodilator (n ϭ 13,310) in the follow-up period were in the both-bronchodilator-use group. Findings from multinomial logistic regression analyses (Table 3) revealed that subjects in any of the multimorbidity categories were less likely to receive short-acting bronchodilators only and combined short-and long-acting bronchodilators. The presence of psychiatric multimorbidity and both physical and psychiatric multimorbidity was associated with reduced receipt of long-acting bronchodilators.
Discussion
In this study, we examined the impact of multimorbidity on COPD medication receipt in Medicaid beneficiaries with newly diagnosed COPD. In this study cohort, approximately three fourths of subjects had multimorbidity. Although no study has comprehensively examined the prevalence of all commonly occurring comorbidities in subjects with COPD, the rates for some of the subject conditions obtained from our analyses are somewhat consistent with those found in other studies that evaluated comorbidity burden in subjects with COPD. 9, 31 In this study, we found that after controlling for subject characteristics and county-level socioeconomic and healthcare environment, Medicaid beneficiaries with newly diagnosed COPD and multimorbidity were less likely to receive COPD medications, including bronchodilators and inhaled corticosteroids. To the best of our knowledge, this is the first study to examine the relationship between mul- [32] [33] [34] [35] Similarly, inhaled corticosteroids may increase blood glucose levels in those with prediabetes or diabetes. 15, 36 Therefore, it is important to weigh the benefits and safety issues in the health-care management of patients with COPD and multimorbidity. Our findings underscore the need to develop clinical practice guidelines that are specific to patients with COPD and multimorbidity. It is also possible that patients may not prioritize COPD management when they have multiple chronic conditions. A recently conducted qualitative study in Australia that examined the "patients' perspectives on the impact of a new COPD diagnosis in the face of multimorbidity" indicated that subjects with existing chronic conditions ascribed low importance to the management of a new COPD diagnosis. 37 Moreover, subjects with COPD and multimorbidity were challenged by multiple-medication use and thus had poor COPD self-management capacity. Although this study was conducted in Australia and had a limited sample size, it provides an important understanding of the relationship between multimorbidity and COPD medication receipt.
The advantages of our study are: the use of administrative claims data, which provided us the ability to identify medical conditions using diagnosis codes; availability of prescription medication claims; examination of a high-risk and low-income population; and ability to track capture utilization over time. Our study was strengthened by linking Medicaid files with the Area Resource File to comprehensively adjust for health-care environment, which could have affected the relationship between multimorbidity and COPD medication receipt. Limitations include: a lack of generalizability due to inclusion of beneficiaries with fee-for-service claims only, restriction of Medicaid data to 4 states, and exclusion of dual Medicare/Medicaid enrollees. Due to the unavailability of laboratory data, we were not able to control for COPD severity or stage of COPD diagnosis, which can be an important covariate when assessing the relationship between multimorbidity and COPD medication receipt. Additionally, COPD diagnosis was based on ICD-9-CM diagnosis codes, which may not be the most accurate method to identify COPD. However, the validity of ICD-9-CM codes in identifying COPD has been established in prior studies. 22, 23 Our study was also limited by the use of diagnosis codes to identify depression. Although prior studies have used ICD-9-CM codes to identify depression, evidence exists that using diagnosis codes within claims data may lead to underestimation of depression. 38
Conclusions
Despite these limitations, to the best of our knowledge, this is the first study to extensively examine the relationship between multimorbidity and COPD medication receipt. Our findings highlight the high prevalence of multimorbidity in non-elderly low-income adults with newly diagnosed COPD and poor COPD medication management in these subjects. Future research needs to examine provider factors, such as provider knowledge and experience in managing patients with multimorbidity, and patient factors, such as preferences and attitudes that may affect COPD management in the presence of multimorbidity.
